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(54) Large current detector having a hall-effect device 



(57) A current detector for detecting or measuring 
an electric current, comprising a Hall-effect device (1) 
for generating a voltage proportional to magnetic field 
strength, a metal-made baseplate (2, 2a-2e) mechani- 
cally supporting the Hall-effect device, and two current 
path terminals (3 and 4) for the inflow and outflow, re- 
spectively, of a current to be detected or measured. For 
handling a current of greater magnitude than a compa- 



rable prior art device, the baseplate Is slltted to delimit 
an elongate path (34, 34a-34e) along which the current 
is to flow. The current path extends contiguous to the 
primary working pan (23) of the Hall-effect device for 
causing the same to generate a voltage proportional to 
the magnitude of the current. The pair of opposite ex- 
tremities of the current path are connected respectively 
to the current path terminals (3 and 4). 
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1 EP1111 

Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to curr&ntdetcctore, and s 
particularly to that utilizing a Hall-effeot device for ob- 
taining a voltage proportional to the magnitude of the 
current detected. More particularly, the invention deals 
with how to increase the current magnitude that can be 
handled by such a current detector. io 
[0002] By the term "Hall-effect device" used herein 
and in the claims appended hereto Is meant the voltage 
generator built on the familiar Hall effect to gfve an out- 
put voltage in direct proportion to the magnetic field ap- 
plied, Disposed contiguous to a current path, the Hall- *s 
effect device: will be subjected to the magnetic field that 
is generated in proportion to the magnitude of the cur- 
rent flowing through the path. The result will be the pro- 
duction of a voiiage proportional to the current magni- 
tude. It is self-evident, then, that the current path should so 
lie as proximate as feasible to the Hall-effect device for 
maximum possible detection sensitivity. 
[0003] For accomplishment of this objective, the in- 
stant applicant proposed in PCT/JP99/05408 to create 
an Insulating film over a Hail-effact device formed In a 2$ 
semiconductor substrate and, on this insulating film, a 
current path formed from a conductor layer for carrying 
a current to be detected. The current path is thus spaced 
from the Hall-effect device only a distance equal to the 
thickness of the insulating film. 3Q 
[0004] This prior art current detector proved to be un- 
satisfactory, however, in the magnitude of the current 
that can be earned by the conductor layer current path. 
It could withstand a current of only 10 amperes or so. 
Current detectors capable of handling currents of much 55 
greater magnitude, say 100 amperes, are in strong de- 
mand. 

SUMMARY OF THE INVENTION 

40 

[0005] The present invention aims at the provision of 
a current detector of the type incorporating a Hail-effect 
device, that is capable of accurately detecting or meas- 
uring a current of far greater magnitude than heretofore. 
[0006] Another object of the Invention is to achieve «s 
the first recited object by making use of a preexisting 
part of the current detector, adding no part thereto and 
making it no more complex or expensive in construction. 
[0007] Yet another object of the invention isto achieve 
the first recited object while at the same time enhancing so 
the sensitivity of the current detector to the maximum 
possible degree. 

[0008] Briefly, the current detector according to the in- 
vention may be summarized as comprising a Hall-effect 
device for generating a voltage proportional to magnetic 55 
field strength, and a metal-made baseplate mechanical- 
ly supporting the Hall-effect device. The baseplate Is slit- 
ted according to the novel concepts of the invention to 
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define a current path having a pair of opposite extremi- 
ties connected respectively to current path terminals for 
the Inflow and outflow of a current to be detected or 
measured. The baseplate ftse/f. and therefore the cur- 
rent path defined therein, are sufficiently close to the 
Hall-effect device to cause the same to generate a volt- 
age proportional to the magnitude of. the current flowing 
through the current path. 

[0009] Typically, the current path In the baseplate is 
in the shape of a U, extending contiguous to the Hall- 
effect device for most effectively causing the same to 
generate the Hall voltage. The U-shaped current path 
can be delineated as by cutting in the baseplate a J- 
shaped slit to delimit its inside boundary, and a set of 
straight slits to bound its outside boundary. 
[0010] The metal-maoe baseplate can well tolerate a 
current of 1 00 amperes or so. The current path requires 
no dedicated part other than the preexisting parts of the 
current detector, so that the current detector according 
to the invention is even more compact than comparable 
prior art devices. Furthermore, since the current path is 
defined by cutting narrow slits in the baseplate, this 
baseplate is not deprived of its intrinsb function ol me- 
chanically supporting the Hall-effect devico. 
[0011] The above and other objects, features and ad- 
vantages of the invention and the manner of realzfng 
them will become more apparent, and the invention itself 
will best be understood, from the following description 
taken together with the attached drawings showing the 
preferred embodiments of the invention, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

FIG. 1 1s a plan view of the current detector embod- 
ying the principles of the instant invention, the view 
showing the encapsulation in phantom outline to re- 
veal other parts; 

FIG. 2 Is a section through the current detector, tak- 
en along the fine A-A in FIG. 1 ; 
FIG. 3 is a plan view of the HalNeffect device includ- 
ed in the FIG. 1 current detector; 
FIG. 4 is a plan view of an insulating plate, together 
with a shielding layer thereon, included In the FIG. 
1 current detector 

FIG. 5 Is a plan view showing the sheet-metal base- 
plate with the current path defined therein according 
to the invention, pair of current-path terminals, and 
other terminals of the FIG. 1 current detector in their 
relative posftrons; 

FIG. 6 is a plan view of a sheet-metal punching for 
use in the fabrication of the baseplate and terminals 
Shown in PIG. 5; 

FIG. 7 is an enlarged, fragmentary section through 
the FIG. 1 current detector, taken along the line B- 
8 therein; 

FIG. a is a slightly enlarged plan view of the seml- 
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conductor substrate, together with the Hall-effect 
device formed therein, of the FIG. 1 current detec- 
tor, the view showing in particular the primary work- 
ing part of the Hall-effect device for the develop- 
ment of a voltage proportional to the current mag- 
nitude; 

FIG. 9 is an enlarged diagram of the Hall-effect de- 
vice of the FIG. 1 current detector, shown together 
with a control current supply circuit and an amplifier 
which are herein shown connected directly to the 
electrodes of the Hall-effect device for simplicity; 
FIG. 10 is a view similar to FIG. 5 but showing an- 
other preferred embodiment of the invention; 
FIG. 1 1 is also a view similar to FIG. 5 but showing 
still another preferred embodiment of the invention; 
FIG. 12 is also a view similar to fig. 5 but showing 
yet another preferred embodiment of the Invention; 
FIG. 13 is also a view simijarto FIG. 3 but showing 
a further preferred embodiment of the Invention; 
FIG. 1 4 is a view similar to FIG. 2 but showing a yet 
further preferred embodiment of the invention; 
FIG. 1 S is also a view similar to FIG. 2 but showing 
a still f urtherpreferred embodiment of the invention; 
FIG. 16 is a eohematic plan view of the semicon- 
ductor substrate of a further yet preferred embodi- 
ment of the Invention; 

FIG, 17 is a view similar to FIG. 5 but showing a 
further still preferred embodiment of the invention; 
FIG. 1 8 is an enlarged plan view of the semiconduc- 
tor substrate, together with two Hall-effect devices 
formed therein, of the FIG. 17 embodiment; 
FIG. 19 is an enlarged section through the FIG. 17 
embodiment, taken afong the line C-C in FJG. 18; 
and 

FIG. 20 is a schematic electrical diagram of the FIG. 
17 embodiment shown together with a control cur- 
rent supply circuit and an output circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] The general makeup of the first preferred form 
of current detector according to the invention, shown In 
FIGS. 1-S, wili become apparent from a study of FIGS. 
1 and 2 in particular. The representative current detector 
comprises: 

1 . A Hall-effect device 1 for providing an output volt- 
age indicative of the magnitude of a current to be 
detected or measured. 

2. A metal-made baseplate 2 mechanically support- 
ing the Hall-effect device and having ah elongate 
current path defined therein according to the inven- 
tion for the flow of the current to be detected. 

3. Two current path terminals 3 and 4 formed In one 
piece with the baseplate 2 and joined directly to the 
opposfte ends of th© currant path in the baseplate, 
for the inflow and outflow, respectively, of the cur- 
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rent to be detected. 

4. Four lead terminals 5, 6, 7 and 8 for connection 
of the Hall-effect device 1 to external circuits. 

5. An insulating plate 9 between Hall-effect device 
1 and baseplate 2. 

8. A shielding layer 10 between Hall-effect device 1 
and insulating plate 9. 

7. A plastic envelope 1 1 In which The current detec- 
tor is encapsulated, with only parts of the noted cur- 
rent path terminals 3 and 4 and lead terminals 5-B 
left exposed. 



[0014] As seen in a plan view as in FJGS.1 and 3, the 
Hall-effect device 1 is approximately square in shape, 
fs having four electrodes 12, 13, 14 and 15 of aluminum 
or like material aligned along one edge thereof, fig. 9 
shows that the electrodes 12-15 are connected respec- 
tively to the four semiconductor regions 19. 20, 21 and 
22 of a semiconductor substrate 1 8, FIG. 8. As indicated 
also in HG. 9, the electrodes 12 and 13 are to be con- 
nected to a control current supply circuit 16 of well 
known construction for inputting a control current there- 
from, and the electrodes 14 and 15 to a differential am- 
plifier 1 7 for putting out a Hall voltage, in use of this de- 
vice. Actually, however, the eiectrodes 12-15 are not di- 
rectly connected to these external circuits but are wired 
to the lead terminals 5-8, respectively, which are to be 
connected to the circuits 16 and l7.Theterminais5and 
6 are therefore the control current input terminals, and 
30 the terminals 7 and 8 the Halhvoltage output terminals. 
[0015] With reference to FIGS. 7 and 8 in particular, 
generally in the shape of a rectangular sheet of silicon, 
the semiconductor substrate 1 8 has four other semicon- 
ductor regions 23, 24, 25 and 26 than the aforesaid four 
& semiconductor regions 19-22. Of n conductivity type, 
the fifth semiconductor region 23 takes the form of an 
island of cruciate shape, as seen in a plan view as in 
FIG. 8, formed in the middle of the p-iype eighth semi- 
conductor region 26 which occupies most part of the 
<0 semiconductor substrate 1 8 , 

[0018] The first and the second semiconductor region 
1 9 and 20 are of n+ type, higher in impurity concentration 
than the fifth semiconductor region 23, and are formed 
as islands, spaced from each other in the y direction In 
4 s FIG. 8, in the fifth semiconductor region 23. The first and 
the second electrode 12 and 13 are In ohmic contact 
with these semiconductor regions 19 and 20. When the 
control current supply circuit 1 6 is connected to the elec- 
trodes 1 2 and 1 3 as in FIG, 9, the control current / c is to 
so fiowthrough the fifth semiconductor region 23 from first 
19 to second 20 semiconductor region, as indicated by 
the arrow rn FIG. 8. 

[0017] Of n+ type, with an Impurity concentration high- 
er than that of the fifth semiconductor region 23, thethird 
S3 and the fourth semiconductor region 21 and 22 lie ap- 
proximately centrally of the fifth semiconductor region 
23 In the y direction In FIG. 8, which is at right angles 
with the x direction, with a spacing from each other in 
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the x direction. These semiconductor regions 21 and 22 
are partly contiguous to the fifth semiconductor region 
23 , partly to the ptype sixth and seventh sem (conductor 
regions 24 and 25, and are in ohmlc contact with the 
third and fourth electrodes 14 and 1 5. The semiconduct- 
or regions 24 and 25 are Intended to limit the areas of 
contact of the semiconductor regions 21 and 22 with the 
semiconductor region 23. 

[001 6] The Hall voltage is to be obtained between the 
third and the fourth semiconductor region 21 and 22 
when the control currant / c is made to flow between the 
first and the second semiconductor region 19 and 20, 
with a magnetic field perpendicular to the direction of 
current flow. Therefore, the term "primary working part" 
of the Hall-effect device, as used herein and in the 
claims appended hereto, may be construed at least as 
that part of the fifth semiconductor region 23 which lies 
between the first and the second semiconductor region 
19 and 20 and, additionally, between the third and the 
fourth semiconductor region 21 and 22. More broadly, 
however, the fifth semiconductor region 23 as a whole 
may be considered to constitute the primary working 
part of the Hall-effect device. 

[001 9] With rof srenoe to both FIGS. 2 and 7 the sem- 
iconductor substrate 1 8 has a film 27 of silicon oxide or 
like insulating material formed on its top surface, as 
seen in these figures, and a layer 28 of aluminum or like 
nonmagnetic metal formed on rte bottom surface. The 
four electrodes 12-15, shown in figs. 1, 3 and 9 and 
two seen In FIG. 7, are formed on the insulating film 27 
and electricalfy connected respectively to the semicon- 
ductor regions 19-22 through windows therein. 
[0020] FIG. 5 best indicates that the metal-made 
baseplates is approximately square In shape, having a 
pair of opposite edges 29 and 30 and another pair of 
opposite edges 31 and 32. The current path terminals 
3 and 4 project approximately right-angularly from the 
edge 29 of the baseplate 2, so that this baseplate is to 
serve itself as a path of the current from terminal 3 to 
terminal 4. 

[0021 J The baseplate 2 with the current path terminals 
3 and 4, as well as the Hall-effect-devlce terminate 
can ail be fabricated from a sheet-metal punching 
shown in FIG. 6 and therein generally designated 33. 
Typically made from sheet cooper with nickel plating, the 
punching 33 has a frame portion 34 bridging the current 
path terminals 3 and 4, another frame portion 35 bridg- 
ing the Hail-effect-device terminate 5-8, and still other 
frame portions 36 bridging theframe portions 34 and 35. 
All the terminals 3-8 are to be cut off the frame portions 
33 and 34 aiong the dot-and-dash lines after the current 
detector has been encapsulated in the plastic envelop© 
11, FIGS. 1, 2 and 5. FIG. 6 shows a punching fragment 
for the baseplate 2 and terminals 3-8 of one current de- 
tector according to the instant invention; in practice, 
there may be fabricated such punchings each Including 
the baseplates and terminals of many such current de- 
tectors,. 



[0022] The baseplate 2 is intended to serve not only 
as the mechanical support for the Hall-effect device 1 
but as a heat radiator and, according to a feature of this 
Invention, partly as a path of the current to be detected. 
3 For successful f ulfiJIment of all these intended functions 
the baseplate 2 may be fabricated to approximately the 
same thickness as the semiconductor substrate 1 8, that 
is, from 0.5 to 1 .0 millimeter, and with a size somewhat 
larger than that of thQ semiconductor substrate. As a 
io consequence, when the Hall-effect device 1 is posi- 
tioned on the baseplate 2 via the insulating plate 9 as 
shown in FIG. 1 , the four edges 29-32 of the baseplate 
all project beyond the edges of the Hall-effVsct device 1 
and the insulating plate 9. 
is [0023] As indicated by the dot-and-dash fines in Pig, 
5, the current Is to be detected is to flow through the 
baseplate 2 substantially along the inverted-U-shaped 
path 34. This current path is defined according to the 
invention by cutting In the baseplate 2 several slits that 
20 delimit the opposite side edges of the current path, as 
will be detailed herelnbelow with reference to RQ. 5. 
£0024] The slits delineating the current path 34 in- 
ctudes, perhaps most importantly, a slit 35 in the shape 
of an inverted J bounding one, or inner, side edge of the 
55 U-shaped current path. This J slit 35, as it will be so 
called hereinafter, is cut into the baseplate from tts edge 

29 in a position intermediate the two current path termi- 
nate 3 and 4 joined thereto. More specifically, the J silt 
35 is constituted of a longer straight limb 35a extending 

30 rectilinearly from the edge 29 of the baseplate 2 toward, 
and teimlnating some distance short of, the opposite 
edge 30 , a bight 35c bent right-ang ulariy from the longer 
straight limb 35a toward the edge 31 of the baseplate, 
and a shorter straight limb 35£> extending from the bight 
33 3Scapproximately hallway back toward the edge 29 of 
tne baseplate in parallel spaced relations hip to the long- 
er straight limb 35a. 

[0025] Further, in order to defimlt tha other, or outer, 
edge of the current path 34, a plurality of, seven in this 
«> particular embodiment, additional silts 36-42 are formed 
in the baseplate 2. All these additional slits are straight. 
The first straight slit 36 extends from the baseplate edge 

30 toward the opposite edge 29 and terminates short of 
the bight 35c of the J slit 35. The second straight silt 3/ 

<* extends from the comer between the baseplate edges 

30 and 31 toward the geometric center of the baseplate 
2 and terminates short of the J slit 35. The third and the 
fourth straight sift 38 and 39 extend from the baseplate 
edge 31 toward the opposite edge 32 and terminates 
short of the shorter straight limb 35b of the J slit 35, The 
fifth straight ©lit 40 extends from the corner between the 
baseplate edges 30 and 32 toward the geometric center 
of the baseplate 2 and terminates short of the J slit 35. 
The sixth and the seventh straight slit 41 and 42 extend 

33 from the baseplate edge 32 toward the opposite edge 

31 and terminates short of the longer straight limb 35a 
of the J slit 35. 

[0026] Thus the U-shaped current path 34 through the 
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baseplate 2 is delineated by and between the J slit 35 
and the broken fine connecting the inside ends of the 
seven straight slits 36-42. It will be appreciated that, as 
the current path has its pair of opposite side boundaries 
formed by narrow sifts, rather than by other large open- 
ings, no substantial part of the baseplate is lost. The 
baseplate will therefore amply perform its Inherent func- 
tion of mechanically supporting and reinforcing the cur- 
rent detector. 

[0027] The current path terminals 3 and 4, which are 
to be connected to an external circuit for current detec- 
tion, are of one-piece construction with the baseplate 2, 
joined direotly to the opposite ends of the current path 
34. The current Is may flow through the path 34 either 
from terminal 3 to terminal 4 or vice versa. 
[0028] FIG. 8 is explanatory of the positional relation- 
ship between the J slit 35 in the baseplate 2 and the 
semiconductor region 23, tha primary working part, of 
the H a H-effecL device 1 , as seen in a plan view as in this 
figure, or in a direction normal to the plane of the base- 
plates. It will be observed that the semiconductor region 
23 is mostly surrounded by the J slit 35, or thoroughly 
contained within the outer edges of the J slit, or, as will 
be noted by referring back to FIG. 5 for example, thor- 
oughly contained between the pair of parallel limbs of 
the U-shaped current path 34, More specifically, the dis- 
tance between the outer edges of the two straight limbs 
35a and 35b of the J slit 35 is equal to, or just slightly 
more than , the maximum dimension ot the semiconduc- 
tor region 23 in the x direction. Further the total dimen- 
sion of the straight limb 356 and bight 35c or the J sift 
35 in the y direction is approximately equal to the dimen- 
sion of the semiconductor region 23 in the same direc- 
tion. 

[0029] The "primary working part" of the Hall-effect 
device 1 has been previously broadly defined as the fifth 
semiconductor region 23. It has also been stated, how- 
ever, that the "primary working part* in the more strict 
sense of the term is that part of the fifth semiconductor 
region 23 which lies between the first and the second 
semiconductor region 19 and 20 and between the third 
and the fourth semiconductor region 21 and 22, Incom- 
pliance with this more strict definition of the term, the 
size of the J slit 35 may be redefined as such that the 
strict "primary working part" of the Hall-effect device Is 
thoroughly contained Inside the outer edges of the J slit. 
[0030] With reference to FIG. 5 again, the mfdpart 43 
of the baseplate 2 which Is surrounded by the J slit 35 
is joined to ths current path 34 as the limb 35o of the J 
slit is made shorter than the other limb 35a. This midpart 
43 is left to serve as the head radiator and the mechan- 
ical support for the HaU-effect device 1. The fins 44, so 
to say, which are likewise left outside the J slit 35 do not 
take part In the current path but serve as heat radiators 
end mechanical supports for the Hall-effect device 1. 
[0031] The insulating plate 9, FIGS. 1, 2, 4 and 9. is 
an approximately square piece of sheet ceramic, among 
other insulating materials, which is slightly larger in size 



than the Hall-effect device 1 . Overlying the baseplate 2 
as in FIGS. 2 and 7 and bonded thereto via an electri- 
cally insulating adhesive layer 46, the insulating plate 9 
functions to insulate the Hall-effect device 1 from the 
a baseplate and to mechanically support the Hall-effect 
device as well as the shielding layer 10 directly overlying 
the insulating plate. 

[0032] The shielding layer 1 0 Is a Sheet of copper or 
like material, attached to the conductor layer 28 on the 

10 underside of the Hall-effect device 1 via a layer 45 of a 
nonmagnetic bonding material such as solder. The 
shielding layer 10 shields the Hall-effect device 1 from 
the influence of external electric fields. It is understood 
that the shielding layer 10 is electrically connected to 

is the control current supply terminal 6, which Is grounded. 
[0033] With reference back to FIG. 1 the four elec- 
trodes 12-15 of the Hall-effect device 1 are electrically 
connected to the control current Input terminates and 6 
and the voltage output terminals 7 and 8 via wires 47-50, 
20 respectively. The plastic envelope 1 1 encloses all of the 
current detector but parts of the terminals 3-8. 

Operation 

is [0O341 For detection or measurement of the eti rrent Is 
flowing through any desired electric circuit, by the cur- 
rent detector of the above described construction, the 
current path terminals 3 and 4 may be connected to that 
electric circuit. Further the control current Input termi- 

30 nals 5 and 6 may be connected to the control current 
supply circuit 1 6, FIG. 9, for causing the control current 
to, FIG. 8. to flow through the fifth semiconductor region 
23 from the first 1 9 to the second 20 semiconductor re- 
gion, and the voltage output terminals 7 and B to the 

35 differential amplifier 1 7. 

(0035] introduced into the current detector from the 
current path terminal 3, for instance, the current teto be 
measured will flow through the baseplate 2 along the U- 
shaped current path 34, which is disposed very close to 

40 the fifth semiconductor region 23, the primary working 
part, of the Hali-effect device 1 , The magnetic field H will 
be generated which, according to the Ampere rule, will 
be oriented in the direction indicated by the broken-One 
arrows in FIG. 7. This direction of the magnetic field Is 

45 perpendicular to the direction of the control current fc 
flowing through the semiconductor region 23, so that the 
Hall vo Itage will be generated between the semiconduc- 
tor regions 21 and 22, FIGS. 8 and 9, hence between 
the electrodes 14 ard 15, and hence between the Hall 

so voltage output terminals 7 and 6. The Hail voltage is pro- 
porttonal to the strength of the magnetic field H, which 
in turn is proportional to the magnitude of the current /s, 
so that this current Is detectable from the Hall voltage. 
[0036] Tne advantages gained by the above de- 
6$ scribed embodiment of the invention may be recapitu- 
lated as follows: 

1 . The current path through the detector is formed 
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in the metal-made baseplate 2 mechanically sup- 
porting the Mall-effect device. Consequently, a cur- 
rent of as large magnitude as, say, 1 00 amperes 
can be made to flow through the current path in suf- 
ficient proximity to the Hall-effect device for accu- 
rate measurement. 

2. Th e current path in the baseplate is defined in the 
shape of a U by cutting the J slit 35 therein, and the 
semiconductor region 23, the primary working part, 
of the H all-effect device is thoroughly contained in- 
side the periphery of the current path, as seen in a 
plan view as in FIG. 8. As a result, sufficient mag- 
netic flux acts on this semiconductor region 23 to 
realize high detection sensitivity. 

3. The current path In the baseplate is narrowed by 
creating straight slits 36-42. Concentrated current 
flow through this path results In an increase In mag- 
netic lines of flux actually working on the Hall-effect 
device. 

4. The fins 44 /eft unremoved outside the current 
path serve as heat radiators, making possible the 
detection of large current without overheating. 

5. The inside of the U-shaped current path is also 
left largely unremoved, being bounded by the J slit. 
The unremoved part 43, FIG. S.serves as a heat ra- 
diator and m eohan ical support for the Hall-effect de- 
vice. 

6. Larger in size than the Hall-effect device, the slit- 
ted baseplate can nevertheless stably support the 
device. 

7. Despite their proximity, the Hali-effect device 1 
and the baseplate 2 are effectively electrically iso- 
lated from each other by the insulating plate S. 

6. All but parts of the terminals 3-fi of the current 
detector is encapsulated for greater structural sta- 
bility and operational reliability. 

9. Noise due to external magnetic and electric fields 
is eliminated by the shielding layer 10. 

10. The baseplate 2 and the terminals 3-8 are inex- 
pensively fabricated from common sheet-metal 
punchings. 



Second Form 

[0037] Fig. 10 shows a modified baseplate 2a ac- 
cording to the invention, for use In the FIGS. 1-9 current 
detector in substitution for its baseplate 2. The modified 
baseplate 2a features a pair of straight slits 51 and 62 
cut in the baseplate 2a in place of the J slit 35, FIG. 5, 
of the first disclosed baseplate 2 for delineating the in- 
side boundary of the U-shaped current path 34a. The 
other details of construction are as set forth above with 
reference to FIG. S. Thus, for example, the outer periph- 
ery of the current path 34a is bound by the slrtc 36-42. 
[0038] The pair of slits 51 and 52 extend in parallel 
spaced relationship to each other from the edge 29 of 
the baseplate 2a halfway toward the opposite edge 3D. 
The distance between the left-hand edge, as seen in 



FIG. 10, of the left-hand sDt 51 and the right-hand edge 
or the right-hand slit 52 is approximately equal to the 
dimension In the x direction, FIG, a, of the fifth semicon- 
ductor region 23 of the FIGS. 1-5 current detector, so 
5 that the primary working part of the Hall-effect device is 
substantially contained between the outer edges of the 
slits 51 and 52. 

[0039] The tongue-like part 43a of the baseplate 2a, 
left between the slits 51 and 52, does not take part in 
to carrying the current to be detected but serves merely lo 
radiate heat and mechanically support the Hall-effect 
device. 



is 



Third Form 



[0040] In FIG- 11 is shown another modified base- 
plate 2&featuring a straight slit 53 of much greater width 
than the fig. 5 J slit 35 or FIG. 10 parallel straight slits 
51 and 52, for bounding the Inner edge of the U-shaped 

20 current path 34b. The baseplate 2b is akin in the other 
details of construction to the FIG. 5 baseplate 2. 
J0041 j The wide, straight slit 53 extends from the edge 
29 of the baseplate 2b halfway toward the opposite edge 
30. The width of this silt is approximately equal to the 

23 dimension of the fifth semiconductor region 23, FIG, S, 
of the Hall-effect device 1 in the ^direction and less than 
the dimension of the semiconductor substrate 18 in the 
same direction. The length of the slit 53 is greaterthan 
the dimension of the semiconductor region 23 in the y 

so direction. 

[0042] Thus the current path 34o is formed so , as to 
substantially surround the semiconductor region 23 of 
the Hall-effect device. The current detector employing 
this base plate 2b will therefore gain all but the fifth of 
*s the ten advantages set forth in conjunction with the 
HGS. 1-9 embodiment. 

Fourth Form 



ao [Q043J Still another modified baseplate 2c shown in 
FIG. 12 is similar to the FIG. 5 baseplate 2 in having the 
J slit 35 defining the inner boundary of the U-shaped 
current path 34c, but different therefrom in not having 
the three straight slits 37-39 defining part of the outer 
periphery of the current pam r Employed In lieu of these 
absent slits Is a single straight slit 54 extending from the 
edge 30 more than halfway toward the opposite edge 
29. Thus does the current path 34c have its outer pe- 
riphery bounded by this additional Straight slit 54 and 
so the remaining straight slits 36 and 40-42. 

[0044] Another difference is that the baseplate 2c is 
of greater dimension in the * direction, having a current 
path extension 55 which is partly set off from the U- 
shaped current path 34cby the additional straight slit 54 
but which Is joined directly to one end of that current 
path as the slit 64 terminates short of the edge 2Q. The 
first current path terminal 3 Is joined to this ourrent path 
extension 55 at the baseplate edge 30. The second cur- 
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rent path terminal 4 is in the same position as in all the 
previous embodiments. 

[0045] Perhaps the most pronounced feature of this 
bas eplate 2o is that the two current path terminals 3 and 
4 project in opposite directions therefrom. This terminal 
arrangement can be convenient in some applications of 
the invention. 

Fifth Form 

[0046] FIG. 13 Shows a slight modification 2d of the 
FIG. 12 baseplate 2c. Instead of the J slit 35 of the base- 
plate 2c there are formed a pair of straight slits 51 and 
52 akin to those designated by the same reference nu- 
merals in FIG. 1 0. The baseplate 2d Is Identical with the 
baseplate 2c in the other details of construction. 

Sixth Form 

[0047] FIG. 14 shows a further modified current de- 
tector in a view similar to FIG. 2. This modified current 
detector differs from that of FIGS. 1-9 only in that the 
insulating plate 9 has an extension 9a which is angled 
downwardly, as seen in FIG. 14, to intervene between 
the baseplate 2, which may be any of the constructions 
disclosed herein, and the set of load terminals 5-8. The 
insulating plate extension 9a is designed for better in- 
sulation of the lead terminals from the baseplate. 

Seventh Form 

[0046] Notwithstanding the teachings of the FIGS. 1-9 
and FIG. 14 embodiments the provision of the insulating 
plate 9 is not a necessity. Thus, in FIG. 15, a current 
detector is shown, also in a view similar to FIG- 2, which 
has no Insulating plate, and no shielding fayer either. 
[0049] Experiment has proved that no inconvenience 
occurs with out the ins u lating plate 9. Without the sh !eld- 
Ing layer 1 0, too, the Hall-effect device is protected from 
external noise by the semiconductor substrate 1 8, if it is 
of silicon, whioh is relatively high in conductivity. This 
current detector may therefore be put to use in locations 
immune from noise, as It possesses the same advan- 
tages as the FIGS. 1-9 embodimentin all other respects. 

Eighth Form 

[0050] Any of the current detectors herein disclosed 
may be formed in one pfece with the amplifier shown at 
17 In FIG. 9. FIG. 16 shows a semiconductor substrate 
1 8* on which there are formed both a Hall-effect device 
61 and an amplifier 62. The current detector built as 
taught by this invention, and incorporate not only the 
Hall-effect device 61 but also the amplifier 62 f will be 
easier of handling, and the amplifier wiD be less in cost 
of manufacture. 



Mlnth Form 

[0051] FIGS. 17-20 are directed to the final embodi- 
ment of the invention, which differs from all the preced- 
3 ing ones in incorporating two Hall-effect devices for con- 
jointly detecting a current The two Hall-effect devices, 
seen at 1 and V in FIGS. 18-20, are both of the same 
construction as that of the FIGS. 1-9 embodiment. The 
various parte of the first Hall-effeot device 1 are there- 
to fore indicated in FIGS. 18-20 by tha same reference nu- 
merals as used to denote the corresponding parts of the 
FIGS. 1-9 device 1 , and the various parts of the second 
Hall-effect device 1' by priming the reference numerals 
designating the corresponding parts of the first device 1 . 
is [0052] As pictured in FIG. 19, both Hall-effect devices 
1 and V are fabricated in one and the same semicon- 
ductor substrate 1 8o, although the two devices could be 
formed fn separate substrates. This substrate 16 b Is 
mounted on a baseplate 34e via the shielding layer 45 
20 and Insulating plate 9, just as the substrate 18, FIG. 7, 
of the Hall-effect device 1 of the FIGS. 1*9 embodiment 
Is. Any further repetitive description of the Hall-effect de- 
vices 1 and 1' is considered redundant. 
[0053] The baseplate 2c of this current detector is 
25 modified as shown in FIG. 17 both for mechanical ly sup- 
porting the two Hall-effect devices 1 and 1 1 and for pro- 
viding a recumbent-S-shaped current path 34© along 
which the current is to flow in proximity to the semicon- 
ductor regions 22 and 23', the primary working parts, of 
so both devices. The S-shaped current path 34e is defined 
by two J sHts 35 and 35* and eight straight slits 36. 3S\ 
40-42, and 40'-42\ ft will be understood that the J slit 35 
and four straight slits 36 and 40-42 are cut in th© base- 
plate 2e just like their counterparts in FIG. 5, defining 
35 the right hand half, as seen in FIG. 17, of the S-shaped 
current path 34e. 

[0054] The left hand half of the current path 34e\ then, 
Is defined by the other J slit 35* and the other straight 
slits 36 1 and 40'-42\ The J slit 35', which is of the same 

40 shape and size as the J slit 35, is cut into the baseplate 
2e from its edge 30. The straight slit 36' extends from 
the baseplate edge 29 toward the opposite edge 30 and 
terminates short of the bight of the J sift 35'. The straight 
slit 40' extends from the comer between the baseplate 

** edges 29 and 31 toward the geometrtc center of trie 
baseplate 2e and terminates short of the J silt 35'. The 
straight si its 41 ' and 42' extend from the baseplate edge 
31 toward the opposite edge 32 and terminate short of 
the J sBt 3S\ 

so [0055] Thus the S-shaped current path 34q is consti- 
tuted of first part 81 between baseplate edge 31 and J 
elit 35', second part 82 between J slit 35* and baseplate 
edge 29, third part 83 between J slits 35 and 35', fourth 
part 84 between J slit 35 and baseplate edge 30, and 

33 fifth part 85 between J slit 35 and baseplate edge 32. 
The current path terminal 3 ie joined to the baseplate 
edge30 In a position forming one end of the currentpath 
34e. The other current path, terminal 4 Is Joined to the 
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baseplate edge 29 in a position forming the other end 
of the current path 34e\ 

[0056] It will also be observed from FIG. 17 that the 
primary working region 23 of the first Hall-effect device 
1 lies between the third 83 and the fifth 85 part of the a 
current path 34e. The primary working region 23* of the 
second Hall-effect device 1' Jles between the first 31 and 
the third 83 part of the current path 34e. The mldpart 83 
of the current path 34e is thus shared by both devices 
1 and 1V 1Q 
[0057] FIG. 20 is explanatory of how the two Hall-ef- 
fect devices 1 and 1' are connected to a control current 
supply circuit 1 6a and an amplifier circuit 1 7a, which are 
both adapted for use wfth current detectors having two 
Hall-effect devices. The electrodes 12 and 13, set forth 15 
for the FIGS. 1-9 embodiment with reference to FIG. 9, 
of the first Hall-effect device 1, and the corresponding 
electrodes 12* and 13' of the second Hall-effect device 
1 , are both connected to the four outputs of the control 
current supply circuit 1 6a sq 
[0058] The amplifier circuit 17a comprises throe dif- 
ferential amplifiers 71, 72 and 73. The first amplifier 71 
has a noninverting input connected to the electrode 14, 
and an inverting input connected to the electrode 15, of 
the first Hall-effect device 1 . The second amplifier 72 
has a noninverting input connected to the electrode 14\ 
and an inverting Input connected to the electrode 15', of 
the second Hall-effect device 1 \ The outputs of the am- 
plifiers 71 and 72 are con n ected to the third amplifier 73. 

30 

Operation of Ninth Form 

[0059] As the current Is flows along the S-shaped cur- 
rent path 34e In the baseplate 2e in the direction of the 
arrow in FIG. 1 7, from terminal 3 to terminal 4. the mag- 35 
netic fields Hading on the two Hall-effect devices 1 and 
1 ' will be oriented in the opposite directions Indicated by 
the arrows in FIG. 19. Thus the differential amplifiers 71 
and 72 will put out Hall voltages V7) t and - VT^ of oppo- 
site polarities. Inputting these HaU voltages, the third drf- *o 
ferential amplifier 73 will provide an output voftage ac- 
cording to the equation, Vh A - (-V/jg) = U7i 1 + V7^. The 
output from the amplifier 73 will thus be the sum of the 
absolute values of the outputs Vfy and -t?> 2 from the 
two amplifiers 71 and 72* The same output could be ot> 43 
tained, of course, by providing an inverter on the output 
stage of the amplifier 72 and by providing an adder fn 
place of the amplifier 73. 

[0060] The advantages that are won exclusively by 
this ninth embodiment of the Invention are as follows: so 

1- Hlghersensitivity is obtained as tho current is de- 
tected in terms of the sum of the absolute values of 
the outputs from the two Hall-effect devices. 
2, Despite use of two Hall-effect devices, the result- ss 
ing increase in size is reduced to a minimum as they 
share the midpart 83, FIG. 17, of the S-shaped cur- 
rent path 34e. 



3. Since the two Hall-effect devices are acted upon 
in the opposfre directfons by the magnetic fields H 
due to the flow of the current Is along the S-shaped 
current path 34e, cancellation will occur between 
the nofse components of the output voltages of both 
devices due to external magnetic fields. Let Vo be 
the Hall voftag© of eaoh Hall-effect device due to an 
external magnetic field. Then the output from the 
first amplifier 71 is defined as V7f 1 + Vo, the output 
from the second amplifier 72 as - + Vti, and the 
output from the third amplifier 73 as VTj, -* Vo - (- 

Possible Modifications 

[0061] Despite the foregoing detailed disclosure, it is 
not desired that the present invention be limited by the 
exact showings of xhe drawings or by the description 
thereof. The following is a brief list of possible modifica- 
tions, alterations and adaptations of the illustrated em- 
bodiments which are all believed to fall within the scope 
of the invention: 

1 . A magnetic collector plate could be provided on 
the surface of the semiconductor substrate away 
from the baseplate in all the embodiments dis- 
closed. 

2. Only a prescribed fraction of the incoming current 
could be made to flow along the current path in the 
baseplate for measurement of its total magnitude.. 

3. The semiconductor substrate 23 could be fabri- 
cated from semiconductors other than silicon, such 
as 3-5 group compounds. Although the resulting 
substrate would be more susceptible to external 
magnetic fields or induction noise, no Inconven- 
ience would occurthanks to the shielding layer 10, 

4. Either or both of the insulating plate 9 and shield- 
ing layer 17 could be omitted from the second to 
sixth, and eighth to ninth embodiments, as in the 
seventh. 



Claims 

1- A current detector for detecting or measuring an 
electric current, comprising a Hall-effect device (1 ) 
for generating a voltage proportional to magnetic 
field strength, a metal-made baseplate (2, 2a-2e) 
mechanically supporting the Hall-effect device, and 
two current path terminals (3 and 4) for the Inflow 
and outflow, respectively, of a current to be detected 
or measured, characterized In that the baseplate is 
sifted to provide an elongate current path (34, 34a- 
34e) having a pair of opposite ends connected re- 
spectively to the current path terminate (3 and 4), 
the current path exbanding In proximity to the Hall- 
effect device for causing the same to generate a 
voltage proportional to the magnitude of a current 
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flowing through the current path. 

2. A currant detector as claimed In claim 1 , character- 
ized in that the current path (34, 34a-34c) in the 
baseplate (2, 2a-2d) is in the shape of a U. 

3. A current detector as claimed In claim 2, wherein 
the Hall-effeot device has a primary working part 
(23) for the development of the voltage proportional 
to the magnitude of the current riowlng through the 
current path In the baseplate, characterized in that 
the primary working part is substantially thoroughly 
contained within the U-shaped current path (34, 
34a-34c$ In the baseplate (2, 2a-2d) as seen in a 
direction normal to the baseplate. 



the first edge, of the baseplate and connected to the 
other end of the current path via an extension (55) 
thereof. 

s 11. A current detector as claimed in claim 10, charac- 
terized in that the baseplate has at least one slit (35, 
5 1 -53) cut therein from the first edge (29) thereof to 
bound one side edge of the U-shaped current path, 
and another slit (54) cut therein from the second 

10 edge (30) thereof to form the extension (55) of the 
current path. 

12. A current detector as claimed in claim 11 , charac- 
terized in that said one edge of the U-shaped cur- 
ls rent path is bounded by a J-shaped slit (35). 



4. A current detector as claimed in claim 2, character- 
ized in that the baseplate has formed therein at least 
one slit (35, 51 , 52, 53) bounding one side edge of 
the U-shaped current path, and at least one other so 
slit (36-43) bounding another side edge of the cur- 
rent path. 

5. A current detector as claimed in claim 4, character- 
ized in that said other edge of tho current path Is ss 
bounded by a plurality of straight slits (36-43) cut 
into the baseplate. 

6. A current detector as claimed In claim 2, character- 
ized in that the U-shaped current path is defined at .so 
least in part by a J-shaped sift (35) cut into the base- 
plate. 

7. A current detector as claimed in claim 2, character- 
ized in that the U-shaped current path is defined at S5 
least In part by a pair of straight slits (51 and 52) cut 
into the baseplate and extending in parallel spaced 
relationship to each other. 



8. A current detector as claimed in claim 2, character- *o 
ized in that the U-shaped current path is defined at 
least in part by a single straight slit (53) cut into the 
baseplate, 

9- A current detector as claimed hi claim 2, wherein 
the baseplate (2, 2a, 2b) is a generally rectangular 
piece of sheet metal, characterized in that the cur- 
rent path terminals (3 and 4) are integrally joined to 
one edge (29) of the baseplate, 

so 

10, A current detector as claimed in claim 2, wherein 
the baseplate (2c, 2d) is a generally rectangular 
piece of sheet metal, characterized in that one cur- 
rent path terminal (3) is integrally Joined to a first 
edge (29) of the baseplate and directly connected ss 
to one end of the U-shaped current path (34c, 34d), 
and wherein the other current path terminal (4) is 
integrally joined to a second edge (30), opposite to 



13. A current detector as claimed In claim 11 , charac- 
terized in that said one edge of the U-shaped cur- 
rent path is bounded by a pair of straight slits (51 
and 52) cut into the baseplate so as to extend in 
parallel spaced relationship to each other 

14. A current detector as claimed in claim 1, character- 
ized in that an insulating plate (9) is interposed be- 
tween the baseplate and the Hall-effect device. 

15. A current detector as claimed in claim 14, charac- 
terized in that a shielding layer (10) is interposed 
between the Hall-effect device and the insulating 
plate. 

16. A current detector as claimed in claim 1 , wherein 
the Hall-effect device has a plurality of lead termi- 
nals (6-9) for connection to external circuits, char- 
acterized in that the lead terminals are cut off from 
th© same sheet metal punching as is the baseplate. 

17. A current detector as claimed In claim 16, charac- 
terized in that an enclosure (11) of electrically insu- 
lating material encloses an the listed components 
of the current detector but parts of the current path 
terminals and the lead terminals. 

1 8. A current detector as claimed in claim 1 , character- 
ized in that the Hall-effect device Is formed fn a sem- 
iconductor substrate (16a) in which there Is also 
formed an amplifier (62) for amplifying the oulput 
voltage of the Hall-effect device. 

19. A current detector for detecting or measuring an 
electric current, comprising two Half -effect devices 
(1 and 1") each for generating a voltage proportional 
to magnetic field strength, a metal-made baseplate 
(2e) mechanically supporting the Hall-effect devic- 
es, and two current path terminate (3 and 4) for the 
inflow and outflow, respectively, of a current to be 
detected or measured, characterized in that the 
baseplate is slitted to provide an elongate current 



9 



PAGE 991114* RCVD AT 917/2004 12:43:24 PM [Eastern Daylight TimeJ* SVR:USPT0-EFXRF-1/3* DNIS:8729306 1 CSID:7814019966 ■ DURATION (mm-ss):3W6 



09/07/2004 11:48 7814019966 DCM, LLP PAGE 00/14 



17 EP 1 

path (34e) having a pair of opposite en ds connected 
respectively to the current path terminals, the cur- 
rant path extending in proximity to the Hall-effect 
devices for causing the same to generate voltages 
proportional to the magnitude of a current flowing 
through the current path, whereby the magnitude of 
the current flowing through the current path is de- 
tectable in terms of the sum of the absofute values 
of the output voltages of the Hall-effect devices. 

20. A current detector as claimed in claim 1 9, charac- 
terized in that the current path (34e) In the baseplate 
(2©) is in the shape of an S. 



693 A2 18 

24. A current detector as claimed in claim 23. charac- 
terized in that the output circuit (1 7a) comprises two 
amplifiers (71 and 72) connected respectively to the 
Hall-effect devices (1 and 1"), and arithmetic means 
(73) connected to the amplifierB for providing an 
output Indicative of the sum of the absolute values 
of outputs from the amplifiers. 



21. A current detector as claimed in claim 20, wherein « 
the baseplate is a generally rectangular piece of 
sheet metai having a first edge (29), a second edge 
(30) opposite to the first edge, a third edge (31) at 
right angles with the first and the second edge, and 
a fourth edge (32) opposite to the third edge, char- *o 
acterlzed in that the baseplate has a first slit (35) 
cut into the baseplate from the first edge thereof to 
bound part of one side edge of the S-shaped current 
path (34e), and a second sfit (3S 1 ) cut into the base- 
plate from the second edge thereof to bound part of as 
another side edge of the current path, that the cur- 
rent path is constituted of a first part (81 ) between 
the third baseplate edge (31) and the second slit 
(35 1 ) . a second part (82) between the first baseplate 
edge (29) and the second slit (35T), a third part (83) so 
between the first and the second slit (35 and 35*), a 
fourth part (84) betWBen the second baseplate edge 
(30) and the first slit (35), and a fifth part (85) be- 
tween the fourth baseplate edge (32) and the first 
slit (35), and that the two current path terminate (3 
and 4) are joined respectively to the first and the 
second edge (29 and 30) of the baseplate in posi- 
tions contiguous to the first and thefifth part (81 and 
fi5) of the current path. 

40 

22. A current detector as claimed in claim 21 , wherein 
each Hall-effect device (1 , 1 ■) has a primary working 
part (23) forth© development of the voltage propor- 
tional to the magnitude of the current flowing 
through the current path in the baseplate, charao- 
terized In that the primary working parts of the two 
Hall-effect devices are substantially thoroughly 
contained respectively between the first and the 
third part (81 and 83), and between the third and 
the fifth part (83 and 85), of the current path, both so 
as seen in a direction normal to the baseplate (2«). 

23. A current detector as claimed in claim 19, charac- 
terized In that the two Hall-effect devices (1 and f) 
are connected to an output circuit (t 7a) forcombln- « 
ing the absolute values of the output voltages of the 
Hall-effect devices. 



10 



BNSDOCU* <£P 111 1ft Ap i 

PAGE 100/114 * RCVD AT 9/7/2004 12:43:24 PM [Eastern Daylight Time]* SVR:USPT0-EFXRF-1/3 * DNlS:8729306 • CSID:7814019966 • DURATION (mm-ss):35-16 



09/87/2004 11:48 7814019966 



DCM, LLP 



PAGE 01 



BP 1 111 603 A2 



FIG.l 



A— 





11 



PAGE 101/114 * RCVD AT 9/7/2004 12:43:24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 * DNI8:8729306 " CSID:7814019966 * DURATION (mm-ss):35-16 



09/87/2084 11:48 7814819966 



DCM, LLP 



PAGE 02/14 



EP1 111 693 A2 



FIG. 3 




FIG.4 



^9 
-10 



FIG. 5 



7~ 



8- 



n 



! 



37 
!4A 



35b 




43 \ 35a 




29 





12 



PAGE 102/114 * RCVD AT 9/7/2004 12:43:24 PM [Eastern Daylight Time] * SVR:USPT0€FXRF-1/3 * DNK:8729306 ■ CSID:781401996$ 1 DURATION |m4S):3S-1fi 



89/87/2004 11:48 7814019966 



DCM, LLP 



PAGE 03/14 



EP1 111 693 A2 



FIG.6 



35 



/ 



33 



O 



O 



8- 



□ t 





: n 



36- 



o 



1 



3 — 



rn 



35 
4H 



o 



34 



13 



PAGE 103/114 ■ RCVD AT 9/7/2004 12:43:24 PM (Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3 * DNIS:8729306 * CSID:781401996$ 1 DURATION (mm-ss):35-16 



09/07/2004 11:48 7814019966 



DCM, LLP 



PAGE 04/14 



EP 1 111 693 A2 




14 



PAGE 104/114 * RCVD AT 9/7/2004 12:43:24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 * DK1S:8729306 * CSID:7814019966 • DURATION (mm-ss):35-16 



89/97/2084 11:48 7814019966 



DCM, LLP 



PAGE 85/14 



BP 1 111 693 A2 



FIG.8 



18 



n 4 35c 19 



P. ! 4 
24 
2*1 

35b'i 




/ 



f 

n 



Ic 




-25 
-22 

-23 



I l 
i i 

n* 20 ! X 

' / ' \ j 

35a 35 26 

j i v 



15 



PAGE 105/114* RCVD AT 9/712004 12:43:24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 * DN1S:8729306 ■ CSID:7814019966 ' DURATION (mm-ss):35-16 



09/87/2004 11:48 7814019966 



DCM, LLP 



PAGE 06/14 



EP1 111 693 A2 



FIG.9 



CONTROL 


CURRENT 


SUPPLY 


CIRCUIT 



.16 




16 



PAGE 106/114* RCVD AT 917/2004 12:43:24 PM [Eastern Daylight Time] ' SVR:USPT0€FXRF-1/3 * DWS:8729306* CSID:7814019966 * DURATION (mm-ss):35-16 



09/87/2004 11:48 7814019966 DCM, LLP PAGE 07/14 



EP1 111 693 A2 




FIG. 11 




17 



PAGE 107/114 ' RCVD AT 9/7/2004 12:43:24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3* DNIS:8729306 « CSID:7814019966 * DURATION (mm-ss):35-16 



09/07/2004 11:48 7814019966 DCM, LLP PAGE 08/14 



EP1 111 693 A2 




18 

PAGE 108/114 * RCVD AT 9/7/2004 12:43:24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 * DNIS:8729306 * CSID:7814019966 ■ DURATION (mnvss):35-1 6 



09/87/2094 11:48 7814919966 DCM, LLP PAGE 09/14 



EP 1 111 693 A2 

FIG. 13 




43a 



FIG. 14 

1 13 27 43 n 




19 



PAGE 1 09/1 14 * RCVD AT 9/7/2004 1 2:43: 24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 * DNIS:87293Q6 * CS1D:781401 9966 * DURATION (mm-ss):3S-16 



09/97/2084 11:48 7814019966 



DCM, LLP 



PAGE 10/14 



EP 1 111 693 A2 



FIG.15 



18 27 13 1 48 




28 46 2 



PIG. 16 



•18a 





62 



20 



PACE 110/114 ■ RCVD AT 9/712004 12:43:24 PM (Eastern Daylight Time] ' SVR:USPT0€FXRF-1/3 * DNS:8729306 ' CSID:7814019966 ' DURATION (mm-ss):35-1 6 



09/07/2804 11:48 7814019966 



DCM, LLP 



PAGE 11 



EP1 111 693 A2 



FIG. 1 7 




21 

PAGE 111/114 * RCVD AT 917/2004 12:43:24 PM (Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 ■ DNIS:8729306 * CSID7814019966 1 DURATION (mm-ss):35-16 



09/07/2004 11:48 7814019966 DCM, LLP PAGE 12/14 



EP1 111 693 A2 




22 



PAGE 112/114 * RCVD AT 9/7/2004 12:43:24 PM [Eastern Daylight Time]* SVR:USPTO-EFXRF-1/3* DN1S:8729306 * CSID:7814019966 1 DURATION (mm-ss):35-16 



09/97/2084 11:48 7814019966 



DCM, LLP 



PAGE 13/14 



EP1 111 693 A2 




23 



PAGE 1131114 ' RCVD AT 917/2004 12:43:24 PM [Eastern Daylight Time]* SVR:USPTO-EFXRM13 * DNS:8729306 * CSID:7814019966 ■ DURATION (mm-ss):35-16 



09/87/2094 11:48 7814019966 



DCM, LLP 



PAGE 14/14 



EP 1 111 693 A2 




24 



PAGE 114/114 * RCVD AT 9/7/2004 12:43:24 PWI [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 * DWS:8729306 * CSID:7814019966 * DURATION (mm^ss):35-16 



